User’s Guide to the Tennessee Science Curriculum Framework

Tennessee Vision for STE '/ Education

Engineering creatively applies
scientific principles to analyze
Science seeks to events, design processes,

explain the complexity of develop materials, and
the natural world and construct objects
uses this under- that benefit society.
standing to make
valid and useful
predictions.

MATHEMATICS

Technology utilizes
innovative tools,
materials, and
processes to solve
problems or satisfy the
needs of individuals, society,
and the environment.

Science, Engineering and
Technology use Mathematics to

explore questions about the
natural and human-made worlds.

Adapted with permission from the Massachusetts Science
and Technology / Engineering Curriculum Frameworks.



Introduction

Welcome to the Standards User’s Guide for using the 2009 Tennessee Science Curriculum Framework. Approximately
every six years the Department of Education is mandated by the Tennessee State Board of Education's Rules, Regulations,
and Minimum Standards to revisit all of the state’s curriculum standards. The revised science standards resulted from
the efforts of committees comprised of science educators from across the state that worked diligently to develop standards
that address all learners and are:

e Focused on major science themes

Better organized

Stated more clearly and concisely

Increasingly complex across K-12

Aligned with the National Science Education Standards, Benchmarks for Science Literacy, National Association for
Educational Progress standards, and ACT Standards

e Kasier to implement than previous versions

Overview of the 2009 Science Curriculum Framework Revision Process

Teams of K-12 teachers and college science educators from across Tennessee pooled their collective talent, wisdom, and
experience to prepare the Science Curriculum Framework. Committee deliberations were thoughtfully enhanced by
feedback from teachers about science teaching and learning, material found in exemplary state science content standards,
and information gleaned from reports that reviewed earlier versions of the Tennessee Standards. Highlights of the
revision process are described below.

Feedback gathered from teachers since release of the 2001 version of the Tennessee Standards indicated that the previous
Framework could be improved by:
e Creating standards categories that were clear and concise as to their purpose and intent.
e Replacing the grade cluster configuration with a series of individual grade level expectations that offered better
guidance for organizing a coherent K-8 curriculum sequence.
Combining major standards topic areas where there was overlap.
Placing all Learning Expectations in the most appropriate standards topic areas.
Providing guidelines for incorporating inquiry into the curriculum.
Scaffolding expectations for students into carefully articulated K-high school learning progressions.

Refocusing on Expectations as the goals for student learning instead of State Performance Indicators that are used
by the state to develop standardized tests.


http://www.nap.edu/readingroom/books/nses/
http://www.project2061.org/publications/bsl/online/index.php?txtRef=http%3A%2F%2Fwww%2Egoogle%2Ecom%2Fsearch%3Fq%3DBenchmarks%2Bfor%2BScience%2BLiteracy%26ie%3Dutf%2D8%26oe%3Dutf%2D8%26aq%3Dt%26rls%3Dorg%2Emozilla%3Aen%2DUS%3Aofficial%26client%3Dfirefox%2D
http://nces.ed.gov/nationsreportcard/
http://nces.ed.gov/nationsreportcard/
http://www.act.org/standard/planact/science/index.html
http://www.state.tn.us/education/curriculum.shtml

The Mid-Central Regional Education Lab (McREL) study commissioned by the TN Department of Education (DOE) in
2006 raised the following concerns about the 2001 science standards:
e Accomplishments tended to be broad in scope and not all major topics addressed
e Many accomplishments duplicated at two or more grade levels
e Significant clarity issues resulted from the embedding of the process of inquiry into content standards
e Multiple organizing layers within the standards presented issues in terms of the relationships among components
e Blueprint for Learning uses terminology inconsistent with the standards that may create confusion Webb’s Analysis
of rigor and relevance conducted in 2006 revealed that the 2001 Framework:
e Alignment of standards and associated assessment items generally very good
e Science performance indicators primarily expect students to have basic skills in science, with very little
expectations for conducting scientific reasoning
e Many standards and corresponding assessment items found to be at lower levels of Webb’s Depth of Knowledge

The Fordham Report, which gave the 2001 TN Science Standards a grade of B, offered the following observations:
Organization is complicated by subdivision of individual Benchmarks into “levels”

Covers physical sciences very well, small errors of fact or exposition

Life sciences gets good handling, especially in high school

Remarkable and encouraging is the reversal of Tennessee’s approach to evolutionary science ...evolutionary science
is covered and properly sequenced

Data and recommendations from all of the above sources were incorporated into the 2009 Curriculum Framework. The
new standards continue to be aligned with the National Science Education Standards and Benchmarks for Science
Literacy. ACT Benchmarks and the National Association for Educational Progress (NAEP) provided additional avenues
for alignment. The resulting Curriculum Framework includes substantive changes in both the content and organization
of the standards that are aimed at improving the quality of K-12 science education available to all Tennessee students.

The new Tennessee Science Curriculum Framework supports research-based approaches to science teaching and is
consistent with what is known about how students learn science. Teachers and administrators can use the Framework to
plan and implement a comprehensive K-12 science program that is aligned with state and national science education goals
and prepares students for success with the Tennessee Comprehensive Assessment Program (TCAP). The K-8 Science
Standards provide the necessary foundation for students to successfully meet rigorous course specific standards contained
in the high school science sequence. While the new science standards are not prescriptive in defining any particular
instructional sequence, they provide helpful guidelines for local education agencies to implement the curriculum and
instructional changes implicit in the new K-12 science standards. The following sections of the Standards User’s Guide
describe major changes in the Framework, offer a rationale for the format, introduce Tennessee’s vision for science
education, and describe the standards revision process.



http://www.mcrel.org/topics/Standards/
http://tmstec.mtsu.edu/groups/podcasts/weblog/0ce17/Webb's_Depth_of_Knowledge_Levels.html
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http://www.state.tn.us/education/ci/curriculum.shtml
http://www.state.tn.us/education/ci/curriculum.shtml

High School STEM Redesign
Changes

1. Effective with the ninth grade class entering high school during school year 2009-2010, all students must pursue a
focused program of study that includes three credits in science. One credit must be in Biology or Biology for
Technology; one credit in Chemistry or Physics; and one additional laboratory science credit.

2. Conceptual Physics is a newly approved course that is typically offered in ninth grade. Physical World Concepts is a
laboratory science course that fulfills the new graduation requirements for the freshmen class of 2009-2010.
However, since the Physical World Concepts course does not have an end of course exam, it does not meet the
Chemistry or Physics requirement for graduation.

3. Emphasis on integrated Science, Technology, Engineering, and Mathematics (STEM) education.

Rationale for High School STEM Redesign
Numerous publications point out that unlike their counterparts in other countries, American children display little or
no mastery of physics concepts. National tests including PISA and NAEP, international assessments (TIMSS), and
reports, such as the Opportunity Equation, urge that the United States carefully redesign high school science and
mathematics programs. Reform efforts are necessary to ensure that our educational system prepares adequate
numbers of scientists, engineers, and mathematicians to sustain the growth of our economy.

Physical World Concepts is an outgrowth of the Physics First movement established by Nobel laureate, Leon Lederman
and is the critical component of true High School Science Redesign. Physics First advocates recommend that students’
initial exposure to the foundation ideas of Physics be from a conceptual rather than a mathematical perspective.

The paucity of significant change in secondary schools since the 1800’s is dramatically borne out by Lederman. He
states,
“A time traveler from the year 1899 would be continually amazed by our advanced technology — our cars and
airplanes, our skyscraper cities, our TV, radio, computers, and communication abilities. Probably the
traveler would be most shaken by our science, from astronomy to zoology. The only place in which this
visitor would be comfortably at home is in most of our high schools.” http://members.aol.com/physicsfirst/

Lederman’s observation is especially relevant in discussions about offering Physics as the introductory course in the
high school science sequence.

Implications for Science Teaching and Learning

When a school district decides to adopt Physical World Concepts as the first course in its high school science
sequence, it causes a ripple effect throughout the entire high school science program. Taking Physical World
Concepts in grade nine provides a student with a better basis for understanding concepts introduced later in
Chemistry and Biology.


http://www.oecd.org/pages/0,3417,en_32252351_32235907_1_1_1_1_1,00.html
http://nces.ed.gov/nationsreportcard/about/naeptools.asp
http://timss.bc.edu/TIMSS2007/index.html
http://www.opportunityequation.org/
http://www.aapt.org/Policy/physicsfirst.cfm
http://members.aol.com/physicsfirst/

BSCS director, Rodger Bybee states,
“Although connections among the sciences are critical for scientific literacy, traditional courses (sequence)
treat the scientific disciplines as independent and unrelated. Lederman identifies the hierarchical
relationships among concepts and principles leading from physics to chemistry and biology and illustrates
with this example:

A key biology content standard is “matter, energy and organization in living systems.” All energy used by living systems
ultimately comes from the sun through electromagnetism (light). Energy transformations can be explained by using
concepts from chemistry. Through energy transformations, plants make food (energy) which flows through the
ecosystem. The availability of energy largely determines the distribution of populations (organisms) in the ecosystem.
Atomic and molecular reactions with photons (light) and with one another are the underlying phenomena. (Lederman,
1998, p.18)

Implementing a ninth grade Physical World Concepts course naturally generates the need for examining both the
content and pedagogy of the courses that follow. This is the type of systemic change associated with meaningful High
School STEM Redesign. The two components of the science redesign movement in Tennessee are the catalysts for
change that can move schools toward better preparing students for post-secondary education and/or work in the
technical workplace of the twenty first century.

Major Features of the 2009 Science Curriculum Framework

To guarantee successful implementation of the 2009 Science Curriculum Framework it is important that all stakeholders
be given a full explanation of the changes in the new document, the rationale for such modifications, and a description of
the educational implications of these revisions. Science Standard 4 (Heredity) for Grade 7 (figure 1) will be used
throughout this section to illustrate the key features of the new Framework.

Conceptual Strands and Guiding Questions
Change
These are new features of the revised Framework. Every content standard area in each grade level or course includes
a Conceptual Strand and Guiding Question. These statements are consistently applied across all K-8 grade levels and
in high school courses such as Physical Science and Biology.

Conceptual Strands are statements that express the unifying, “big ideas of science.” The implicit goal of the Science
Curriculum Framework is for all students to gain a thorough grasp of these fundamental concepts after completing
their K-12 science program.




Figure 1: Science Standard 4: Heredity

(Note: To simplify this review, not all GLEs, Checks for Understanding and SPIs have been included in this figure)
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Rationale
Guiding Questions are the focusing elements of the Science Curriculum Framework. Their major purpose is to give
teachers and administrators clearly defined targets that they can use to sharpen and inform instructional articulation
across the K-12 science curriculum sequence. It is expected that every high school graduates’ cumulative science
experiences prepares them to thoughtfully demonstrate an accurate understanding of the concepts embedded in every
Guiding Question when they exit from any Tennessee K-12 science program.

Implications for Science Teaching and Learning
Although Conceptual Strands cut across all grade levels, their implementation naturally varies according to students’
age, developmental readiness, and complexity of the ideas embedded within a standard. For example, the Conceptual
Strand for Standard 4 — Heredity: “Plants and animals reproduce and transmit hereditary information between
generations,” has significantly different learning implications for students in grade seven as compared with those
enrolled in a high school Biology course.

To illustrate how a Guiding Question might be applied to inform instruction, return to Standard 4 — Heredity. The
Guiding Question for this standard, “What are the principal mechanisms by which living things reproduce and
transmit information between parents and offspring?” This Guiding Question would be consistently referenced as
teams of teachers map an appropriate K-12 learning progression and plan their corresponding instructional programs.

Grade Level and Course Expectations

Changes
In the 2001 document, “Learning Expectations” for every standard were provided for each K-8 grade cluster (K-3, 4-5,
6-8) and all high school courses. “Accomplishments” were added to offer additional guidance in developing
curriculum that was appropriate for specific grade levels. Both the Learning Expectations and Accomplishments
categories have been eliminated from the 2009 Framework and combined into Grade Level Expectations (GLE) for
Grades K-8 and Course Level Expectations (CLE) for high school courses. The K-8 GLEs are foundational in nature
and prepare students to meet the CLEs established for mandatory high school courses. Although they encompass
topics from all three science areas, grades 6-8 include a specific content focus: grade 6/Earth and Space Science; grade
7/Life Science; grade 8/Physical Science.

Rationale
GLEs and CLEs, as the expressions imply, are clearly defined statements of what all students should know and be able
to do upon completing a particular grade level or course. As such, they provide the major curriculum focus under each
standard heading. Careful attempts were made to avoid duplication of GLEs across grade levels, to place GLEs under
the appropriate standard topic, and to organize the GLEs into logical and developmentally appropriate learning
progressions.




Implications for Science Teaching and Learning
Districts will find GLEs and CLEs to be valuable targets for achieving vertical, i.e., grade level to grade level, or grade
level to high school course curriculum alignment. Since GLEs and CLEs represent the fundamental goals for student
learning, teachers should use them as their principal guide for instructional planning. When consistently applied, this
practice provides students with a carefully scaffolded set of learning experiences that offer maximum opportunity for
them to attain the desired content goals in each standard area and to succeed on state assessments.

In the example we have been following for Standard 4, Grade 7 (figure 1), the first Grade Level Expectation in the set
of four is: GLE 0707.4.1 “Compare and contrast sexual and asexual reproduction.” Teachers would target this GLE
through a set of carefully crafted learning activities (e.g., lab activities, direct instruction, demonstrations, visuals, etc.)
that would enable students to meet this learning goal. Then, they would apply one or more of the Checks for
Understanding described below to accurately determine if students could distinguish between sexual and asexual
reproduction.

v Checks for Understanding (Formative and Summative)
Change
v'Checks for Understanding are new to the 2009 version of the TN Science Curriculum Framework. Although there is
not a one-to-one correspondence between LEs and Checks, every content standard for each grade level or course
includes several Checks for Understanding.

Rationale
Checks for Understanding are “suggestions” for assessing student learning. Formative assessments are typically
embedded within a lesson or smaller unit of instruction. Often, they are used to determine if a specific skill or bit of
knowledge has been mastered or acquired by the student. Such assessments provide immediate feedback that teachers
can use to monitor ongoing student performance and inform instruction. Summative assessments provide information
about whether a student has met a particular Grade or Course Level Expectation. The concept maps found in Figure 2
illustrate the distinction between Formative and Summative Assessment.

Implications for Science Teaching and Learning
Fewer aspects of education have changed more during the past 15-20 years than assessment. There is abundant
research that demonstrates the importance and effectiveness of assessment as an aid to student learning. Teachers
who consistently and frequently “check for student understanding” by integrating formative assessments into their
lessons obtain incremental, up-to-date feedback about the impact of their instruction on student learning. This
enables them to capitalize on their successes or make necessary changes in their instruction to enhance their student’s
performance. Summative assessments are necessary to make determinations as to whether a certain GLE or CLE has
been met. Both Formative and Summative assessments are integral components of the teaching and learning process.



In the Tennessee Science Curriculum Framework there is not a one-to-one correspondence between GLEs/CLEs and
the Checks for Understanding. In the example we have been following for Standard 4, Grade 7 (figure 1), the second
v'Check for Understanding is: v'0707.4.2 “Label and explain the function of different reproductive parts of a flower.”
As a formative assessment, students could be asked to create a Venn Diagram that compares and contrasts male and
female plant reproductive structures. Additional Formative Assessments could be administered in subsequent lessons
to determine if the foundation ideas needed to grasp the larger concept of plant reproduction were well understood.

Figure 2. Formative and Summative Assessment
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For a summative assessment that corresponds to the Grade Level Expectation (GLE 0707.4.2) for this Check for
Understanding, a teacher might require students to construct a fully labeled model that also describes the functions of the
reproductive parts of a flower. Alternately, a summative assessment, such as a lab practical, could be designed to
simultaneously assess several related GLEs.



State Performance Indicators
Changes
The State Performance Indicator category was retained in the 2009 version of the TN Science Curriculum Framework.
While the category was maintained, many of the individual Indicators were reworded for the sake of clarity or to
increase the level of rigor implied in the statement. Also, some indicators were eliminated and others added.

Rationale
State Performance Indicators provide the basis for student accountability. SPIs have and will continue to be used by
the state to prepare standardized test items that are aligned with corresponding Grade or Course Level Expectations.

Implications for Science Teaching and Learning
Since State Performance Indicators are the criteria for developing aligned state assessments, they should have little
direct impact on instruction. Testing companies use SPIs to develop test items that provide tangible evidence that the
knowledge and skills described in the corresponding GLEs or CLEs for a particular Standard have been met by
students.

Although the wording may differ slightly, there is a close correspondence between GLEs/CLEs and the SPIs in the
Tennessee Science Curriculum Framework. In the example we have been following for Standard 4, Grade 7 (figure1),
GLE 0707.4.2 “Demonstrate an understanding of sexual reproduction in flowering plants” and SPI 0707.4.1 “Classify
various methods of reproduction as sexual or asexual” are very similar. Teachers who focus their instruction on this
GLE should, in essence, be preparing their students for success on the state assessment that includes items aligned
with the corresponding SPI. Suggestions for possible classroom assessments that measure student performance on
this GLE are found under the Checks for Understanding.

Unique Identifiers

Changes
Every GLE, CLE, Check for Understanding, and SPI is assigned its own unique identification number.

Rationale
This numbering system ensures that all persons who use or reference the Science Curriculum Framework are
absolutely clear as to the specific part of the document under consideration.

Implications for Science Teaching and Learning
Assigning every GLE, CLE, Check for Understanding, and SPI with its own unique identification number creates a level
of specificity that teachers can reference when they map curriculum, select instructional materials, design assessments,
or interpret state assessment data. This system also supports clear lines of communication among all persons involved
in providing standards-based instruction aligned with the TN Science Framework. In the example we have been
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following for Standard 4, Grade 7 (figure1), the four digit number currently used by the state for reporting purposes for
grade seven science (0707) is used in the GLE, Checks for Understanding, and SPIs.

Changes

Standards Titles, Numbers, Topic Area Emphasis

The major changes in the organization of the 2009 Science Framework are as follows:

More clear and concise descriptors to identify standards, e.g., Content Standard: 7.0 Earth and Its Place in the
Universe was changed to a simpler form, The Universe.

Life Science Standards K-8 and Biology: standards reduced from six to five. Because of their topic similarity,
Diversity and Adaptation among Living Things was combined with Biological Change to create a standard
called, Biodiversity and Change.

Earth and Space Science Standards: standards reduced from four to three. Because of their topic similarity,
Earth Features was combined with Earth Resources to create the standard titled, The Earth.

Physical Science Standards: standards reduced from five to four. Because of their topic similarity, Structure and
Properties of Matter was combined with Interactions of Matter to create the standard called, Matter.
Consistent numbers of GLEs were maintained across most K-8 grade levels and within the three major content
areas.

In grades 6-8, the three major content areas are represented, but the content focus shifted. Earth and Space
Science is now the dominant area in grade 6; Life Science in grade 7; and Physical Science in grade 8.

Life Science as a course for high school credit was eliminated.

Physical World Concepts was added as a high school course option (see below).

Embedded Standards were added for Inquiry, Technology and Engineering, and in some cases, Mathematics
(see below).

Rationale
Because of the curriculum implications, no one grade level should contain a disproportionately high or low number of
Grade Level Expectations for which students are being held accountable (figure 3). Shifting the emphasis to Physical
Science concepts in grade 8 supports students who will soon take physical science courses in high school. Life Science
was originally intended to serve as an intervention/remedial course for Gateway Biology. All high school students are
required to take a more rigorous Biology course.

Implications for Science Teaching and Learning
In grades K-6, curriculum reorganization is the major impact of changes in the number of standards. For grades 6-8,
districts and teachers should realign the curriculum to reflect the modified distribution of Standards and Grade Level
Expectations.
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Figure 3. Grade Level Distribution of GLEs and SPIs

Tennessee Standards Analysis

Grade Level Totals

K 1 2 3 4 5 6 7 8 All

Grade Level Expectations 21 | 24 | 28 | 37 | 34 | 33 | 29 | 32 29 267
Checks For Understanding 32 | 37 | 38 | 50 | 44 48 | 34 | 49 @ 37 369
State Performance Indicators - - - 30 28 | 29 | 30 | 33 32 182

K-8 TOTALS BY SCIENCE CONTENT AREA

Inquiry Technology Life Science Earth Science Physical Science
GLEs 42 33 70 50 72
SPIs 18 18 48 37 61
Embedded Inquiry, Engineering and Technology, Mathematics
Changes

Standards, Grade and Course Level Expectations, Checks for Understanding, and SPIs for Inquiry, Engineering and
Technology (and in some courses, Mathematics) are included in the Science Framework. The overall rigor of the

Framework elements has been raised.

Rationale
Science, Technology, Engineering, and Mathematics (STEM) education is based on the assumption that to fully
understand and apply science concepts they must be integrated with skills and understandings drawn from all of the
associated areas. Throughout TN, universities have made major investments in STEM Education initiatives that
actively embrace this perspective on teaching and learning science. Changes found in the new Science Curriculum
Framework reflect this broad conceptual approach to science education. Embedded Standards are organized
according to grade clusters (k-2, 3-5, 6-8, and 9-12). The grade cluster approach offers numerous and repeated
opportunities for students to engage in inquiry, technology and engineering, and mathematics experiences that are
directly integrated into the science content.
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Earlier versions of the TN Science Framework placed action verbs in Learning Expectations to imply or suggest that
these concepts be experienced through inquiry. This approach caused confusion and failed to support the goal of
integrating inquiry-based learning throughout the K-12 science curriculum. Also, the more contemporary movement
toward embedding mathematics and technology and engineering directly into the science curriculum is now integral to
the Science Framework.

In 2006, the TN Department of Education conducted an external review of the TN Science Standards that evaluated
the standards through the lens of Webb’s Depth of Knowledge scale. Similar to Bloom’s Taxonomy, Webb’s scale
categorizes a learning expectation in terms of the requisite knowledge or skill needed for a student to successfully meet
this goal. Webb’s four Levels are: Recall, Skill/Concept, Strategic Thinking, and Extended Thinking. A major criterion
for assigning a CLE or GLE to a knowledge level is the verb used in the learning expectation statement and the level of
student engagement required to achieve the desired outcome.

The rigor and relevance of earlier versions of the TN Science Framework was identified by these external reviewers as
a target for improvement. The addition of Embedded Standards for Inquiry, Technology and Engineering is a direct
response to the panel’s recommendations and illustrates that expectations have been raised for all K-12 science
students.

Implications for Science Teaching and Learning
The three Embedded Conceptual Strands are as follows:

Inquiry:
e Understandings about scientific inquiry and the ability to conduct inquiry are essential for living in the 215t
century.

Technology and Engineering;:
e Society benefits when engineers apply scientific discoveries to design materials and processes that develop
into enabling technologies.
Mathematics:

e Science applies mathematics to investigate questions and communicate findings.

The skills and concepts included in the new Inquiry, Technology and Engineering, and Mathematics Standards are not
expected to be taught as separate, individual topics. Rather, the embedded standards should be fully integrated
throughout every content area in the Curriculum Framework. In other words, students should not be taught about
Inquiry and Engineering and Technology as discrete bits of knowledge, but rather offered multiple opportunities in
every grade level and course to integrate these skills and concepts seamlessly into relevant science content.

The following information is intended to help clarify the fourth Embedded Technology and Engineering SPI for Grades
6-8, "Differentiate between adaptive and assistive engineered products." Adaptive technologies describe products,
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materials, equipment, or inventions that have been modified from their original design to make them fully accessible to
people with physical disabilities or functional limitations. Examples of adaptive technologies are TTY telephones and
close captioning. Assistive technologies are devices for people with disabilities that enable them to perform functions
that would otherwise have been difficult or impossible. Wheel chairs, artificial limbs, and telecare products such as fall
detectors for people with motor difficulties are examples of assistive technologies.

Learning Progressions
Change
The 2009 standards revision committee was the first to use Learning Progressions to guide the alignment of standards
in the Science Curriculum Framework.

Rationale
Learning Progressions are clusters of interrelated ideas that become increasingly complex across grade levels. The
practice of using learning progressions to guide the development of Grade and Course Level Expectations relies on two
fundamental understandings about how students learn. Firstly, learning occurs over time and through multiple
exposures to concepts presented within different educational contexts. For this reason, Grade Level Expectations for
major topic areas in the K-8 Science Curriculum Framework continuum are organized into scaffolded sets of ideas
that are all embedded within an associated Conceptual Strand statement. Progress toward understanding the big idea
of science expressed in the Conceptual Strand is expected to grow in complexity during the course of a student’s
education as they experience different opportunities to explore this concept. Secondly, learning is about making
connections. Mastery of precursor ideas and skills found in earlier grade levels is essential because it contributes to
understanding the more complex ideas students encounter at higher grade levels or in college.

After the elementary, middle, and high school teams developed their GLEs or CLEs, another team of science educators
examined the Frameworks from a horizontal perspective to search for redundancies, gaps, and to make certain that
these statements offered a logical and developmentally appropriate conceptual flow.

Implications for Science Teaching and Learning
Learning Progressions offer a clear picture of where the students have been and where they are headed. They can be
used by districts to map and align K-12 curriculum, guide textbook selections, and as jumping off points for
professional conversations about methods and approaches to improve science education.

The GLEs that we have been following for Standard 4, Grade 7 (figure 1) are one part of a set of scaffolded GLEs that all
contribute to developing a rich and deep understanding of the Conceptual Strand statement for Heredity: Plants and
animals reproduce and transmit hereditary information between generations.
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Tennessee’s Vision of Standards-Based Science, Technology, Engineering and

Mathematics Education

The Tennessee Science Curriculum Framework presents an educational pathway designed to prepare every student to
function in a society in which scientific and technological literacy are necessary for full participation and enjoyment. The
standards are founded on the premise that leaning science content is most successful when experienced through an active
process that integrates inquiry, technology and engineering, and mathematics, in what is commonly referred to as STEM
Education (figure 4).

The goal of standards revision was to develop a curriculum framework to guide and support school systems in building a
rigorous and relevant K-12 science curriculum. The educational vision reflected in the Framework is that a carefully
designed, coherent, and properly implemented set of K-12 science learning experiences can enable all students to:

Develop a deep understanding of the key scientific concepts, principles, theories, and laws drawn from the life,
physical, earth and space sciences

Apply scientific process skills by posing questions and investigating phenomena through the language, procedures,
and tools of science

Be aware of how engineering, technology, and mathematics are integrated into the historical and cultural
advancement of the scientific enterprise

Think and act in a way that demonstrates a positive attitude toward problem-solving and personal decision-making
about issues that affect our society and the planet.

Further, all Tennessee students should emerge from their K-12 science education experiences fully prepared to transition
into higher education, pursue careers in the technical workforce, or offer service to their communities and nation.
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Figure 4. Tennessee Vision for STEM Education
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Adapted with permission from the Massachusetts Science
and Technology / Engineering Curriculum Frameworks.

Implementing Inquiry and Technology and Engineering Standards

The Science Curriculum Framework is based on the premise that students learn science best by “doing” science.
Embedded standards for inquiry and technology and engineering underline the importance of providing numerous,
developmentally-appropriate interactive learning experiences for students in the course of their K-12 science education.

The Tennessee Minimum Requirements for the Approval of Public Schools (Rule 0520-1-3-.05 c) states the following:
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http://www.state.tn.us/sos/rules/0520/0520-01/0520-01-03.pdf

In Grades K-8. The science program shall be based on the state curriculum standards and shall be developmentally
appropriate, with instruction focusing on laboratory experiences.

In Grades 9-12. Three units of science shall be required for graduation...All science courses shall include laboratory
science experiences.

A recent National Research Council publication America’s Lab Report defines “laboratory experiences” as those that
provide opportunities to interact directly with the material world (or with data drawn from the material world), using the
tools, data collection techniques, models, and theories of science. This definition is further elaborated with examples of
student activities that include:

physical manipulation of the real-world substances or systems under investigation
interaction with simulations (models)

interaction with data drawn from the real world

access to large databases, and

remote access to scientific instruments and observations.

The NRC report goes on to state that the extent to which laboratory experiences help students attain educational goals
depends not only on how much time is spent in laboratory instruction, but more importantly on the quality of that
instruction. Effective lab experiences focus on the learning goals related to instruction, integrate student learning about
the processes of science with learning about content, and incorporate thoughtful reflection and discussion between
students and teachers.

The new standards and course and grade level expectations can and should be used by all stakeholders in the science
education arena to guide whatever decisions are deemed necessary to support effective K-12 science programs. Because
the Curriculum Framework is based on a developmental progression, teachers introduce science content and skills at a
level of sophistication consistent with a student’s readiness to learn and discover. Similarly, different emphases
characterize instructional time allocations at individual grade levels.

Figure 5 illustrates the suggested amount of attention that should be given to teaching content and integrating embedded
strands for inquiry and technology and engineering. The degree of emphasis on the embedded standards encompasses, on
average, about 40% of the total instructional time. The Standards’ orientation toward the teaching science processes
through inquiry in the lower grades and its shifting emphasis toward content knowledge in grades 9-12 is consistent with
the research on when students learn best.
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Figure 5. Suggested Emphasis for Content, Inquiry, and Technology and Engineering
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The Engineering Design Cycle pictured in figure 6 is new to the Framework. The inner diagram identifies the broad
stages of the problem solving process. The outer part describes the procedures and questions that engineers use to
address the problems that concern them. Teachers can use the design cycle model as a guide for developing learning
activities that naturally integrate the Embedded Technology and Engineering Standards into their science curriculum.
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Figure 6. Engineering Design Cycle

12. Evaluate the results.
« What works, what doesn't, and how
could the product work better?

13. Improve the design.
« How can the product design be
modified to make it betrer?

14. Retest and reevaluate.
« How effective is the redesigned product?

Adapted with permission from:
Eraineerirag is Elementary, Museumn of Sciznce, Boston, MA.

1. Define the need or problem.
+ What is the exact need to be met or
problem to be solved?

4, Brainstorm ideas.

2. Conduct research. « What are some possible solutions?

« What is already known or previously

been done? 5. Analyze the options.

« Which potential solution is the best?

3. Sharpen the focus.
» What are the time, cost, and safety
constraints?

6. Draw a model or build a prototype.
« What doegs the best possible
solution fook like?

7. Make a materials list.
+ What matenals are needed to test this

9, Follow a plan to create the product. solution?
10. Tast the product. 8. Delegate responsibilities.

« What team members will complete what
11. Gather infermation about work tasks?

the product.

STEMresources.com
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The materials found in the stemresources.com constitute a toolkit that can be used by teachers who are implementing
standards-based practices. Within the contents, the term "standards-based" describes educational contexts wherein
everything that is associated with teaching and learning is referenced to the national and state standards. The tools found
on this website can help teachers to implement the science curriculum standards. All of these standards-based tools are
aligned with the Tennessee Science and Mathematics Curriculum Standards.

The stemresources.com website offers teachers the quality support materials and clear, high quality work samples needed
to implement the state curriculum standards. To be successful, every teacher must have appropriate instructional tools
and the background preparation needed to apply curriculum standards in the classroom. Some materials, like grade and
attendance managers, simplify routine classroom management tasks. However, labor-saving technologies for delivering
standards-based curriculum and instruction and for preparing aligned assessments are not routinely available to teachers.
Without proper tools, effective implementation of many standards-based reform practices, while possible, are not really
feasible for most teachers. The compilation of standards, curriculum development and instructional tools, science and
mathematics teacher resources, and work samples found in the stemresources.com can facilitate the consistent delivery of
high-quality, standards based instruction.

S AR - M6

HOME PAGE ‘ STANDARDS ‘ STEM EDUCATION TOOLS | STEM TEACHER RESOURCES ‘ LOGIN ‘

STEMresources.com - Tennessee

\\/ >

Standards Resources

routinely available to tea
are not really feasible for

The set of curriculum development and instructional tools found in the STEM Resources can facilitate the consistent delivery of
standards-based instruction.
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Teacher Work Samples. The authors of all submitted materials have asserted that any and all of the
| original sources used to develop the Work Samples have been fully identified and pr operl v credited
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